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ABSTRACT: This study was conducted to establish genetic criteria for phenotypic characteristics of Hanwoo cattle based on allele 
frequencies and genetic variance analysis using microsatellite markers. Analysis of the genetic diversity among 399 Hanwoo cattle 
classified according to nose pigmentation and coat color was carried out using 22 microsatellite markers. The results revealed that the 
INRA035 locus was associated with the highest F is (0.536). Given that the F is value for the Hanwoo INRA035 population ranged from 
0.533 (white) to 1.000 (white spotted), this finding was consistent with the loci being fixed in Hanwoo cattle. Expected heterozygosities 
of the Hanwoo groups classified by coat colors and degree of nose pigmentation ranged from 0.689±0.023 (Holstein) to 0.743±0.021 
(nose pigmentation level of d). Normal Hanwoo and animals with a mixed white coat showed the closest relationship because the lowest 
D A value was observed between these groups. However, a pair-wise differentiation test of F st showed no significant difference among the 
Hanwoo groups classified by coat color and degree of nose pigmentation (p<0.01). Moreover, results of the neighbor-joining tree based 
on a D A genetic distance matrix within 399 Hanwoo individuals and principal component analyses confirmed that different groups of 
cattle with mixed coat color and nose pigmentation formed other specific groups representing Hanwoo genetic and phenotypic 
characteristics. The results of this study support a relaxation of policies regulating bull selection or animal registration in an effort to 
minimize financial loss, and could provide basic information that can be used for establishing criteria to classify Hanwoo phenotypes. 
(Key Words: Hanwoo, Phenotypic Characteristics, Genetic Diversity, Genetic Distance, Phylogenetic Tree) 



INTRODUCTION 

Animal breeds are developed based on geographic, 
historical, and evolutionary backgrounds, and are defined 
by specific phenotypic characteristics. Hanwoo is a cattle 
breed native to Korea, and is known not only for its 
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economic importance but also for its ties to country's 
agricultural heritage. However, recent concerns of the 
Korean beef cattle industry have placed more emphasis on 
improving economic quality along with ways to maximize 
desirable genetic traits of the cattle. These developments 
served as a challenge, particularly for small-scale cattle 
enterprises and other operations involved in raising Hanwoo 
in which the selection criteria such as yellow coat color has 
become important. 

Beginning from 1938, the inspection criteria for 
Hanwoo generally encouraged the elimination of animals 
with black or striped hair. In 1975, the Ministry of 
Agriculture and Forestry in Korea established new 
inspection criteria for breeding and candidate breeding 
stocks. These regulations also mandated that yellowish 
brown coat color for breeds with differing hair and nose 
color were a basis for disqualification. Furthermore, 
Hanwoo appearance inspection criteria as mandated by 
Korea Breeding Stock Improvement Association Notice No. 
97-7 sought to unify the appearance of cattle by excluding 
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animals with white spots and a black nose. Despite these 
efforts, in the latter half of 1970s the purebred improvement 
project that included production of a pure Hanwoo lineage 
breeding complex and an initiative to develop new breeds 
by crossbreeding introduced breeds with Hanwoo was 
initiated. The intent was to create new crossbreed lineages 
that had desirable characteristics of both breeds. However, 
this project led to the decision to allow the import of beef 
cattle following complaints by farmers due to lower prices 
of beef in 1979 (Roh, 2008). The assumption that prompted 
this decision was due to crossbreeding which increased the 
prevalence of undesirable hair color (i.e., other than 
yellowish brown) and black noses among Hanwoo cattle. 
Farmers were concerned that the breeding program was 
fueling decreases in beef prices (a reduction of 
approximately $100 per head of cattle). Furthermore, the 
program was also believed to have reduced the quality of 
breeding stock, exemplified when candidate and certified 
breeding bulls with otherwise excellent characteristics were 
disqualified due to their appearance (approximately 57%). 
The large number of disqualified and cheaper animals 
resulted in an annual economic loss of about $2.3 million. 
However, there is virtually no information about the 
frequencies of black noses or different coat colors observed 
among Hanwoo cattle in the Republic of Korea (Lee et al., 
2002). 

The recent development of phylogenomics combined 
with phylogenetics to study the degree of similarity and 
diversity among genetic characteristics between different 
breeds and to understand the regulatory mechanisms of 
gene expression has proven to be increasingly important 
(Philippe and Blanchette, 2007). Systematic research 
protocols using genetic markers for analyzing native stocks 



or animals are utilized in many countries. These studies 
usually involve biological markers such as blood and milk 
proteins. However, since the mid 1990s microsatellite 
markers have been more widely used to assess genetic 
diversity, origin and lineage, genetic characteristics, and the 
preservation of conventional stocks (MacHugh et al., 1998; 
Loftus et al., 1999; Martin- Burriel et al., 1999). High 
mutation rates and co-dominant nature has permitted the 
estimation of genetic diversity within or between breeds, 
including genetic admixtures among breeds, even when 
closely related. 

The goal of the present study was to use these recent 
analytical innovations to evaluate the genetic characteristics 
of Hanwoo cattle and determine the genetic criteria for 
physical Hanwoo traits. This would provide basic data to 
help establish criteria for breed appearance and registration. 
Twenty-two microsatellite markers were utilized for 
phylogenetic analysis of different Hanwoo groups that were 
established based on coat and nose color. 

MATERIALS AND METHODS 

Materials 

The present study used data from a previous 
investigation of Hanwoo physical traits and blood collection 
sampling from 2006 to 2008 involving general breeding 
farms and institutions throughout the Republic of Korea. 
Classification of the physical appearance of each animal 
(Figure 1) was performed according to characteristics such 
as a black nose, white or black coats (group A), and white 
or black spots (group B). Individuals with a spot that was 
clearly distinguished in a yellow coat were placed into a 
separate group. Cattle with black noses were further 




Figure 1. Hanwoo cattle with partial white or black coats mixed with brown (A), spotted white coat separated with brown (B), degree of 
nose pigmentation (C). 
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Table 1. Numbers of animals from each region and in all groups used for the analysis 












Province 


City 




Coat color 




Normal 




Nose 


pigmentation 




- Hoi 


WT 


BL 


WS 


B 


Ba 


Bb 


Be 


Bd 


Be 




Chungnam 


Boryung 


3 


4 


8 


4 


3 




1 


1 






Kangwon 


Samcheok 


1 




1 


5 




2 


2 


1 


3 




Kyungki 


Ansung 
Icheon 


1 


4 




1 
1 


2 


2 












Yangpyung 


4 


2 




1 


11 


5 


3 




2 






Yongin 










1 


2 




1 








Yuncheon 


2 


3 


1 


5 


4 


7 


4 


1 


1 




Jeonnam 


Goheung 
Yungam 




1 
1 


1 


1 
2 


4 


1 


1 

4 


2 


2 
1 




Jeonbuk 


Buan 
Jangsu 


1 






12 


7 




1 
1 








Nonghyup 




16 


11 




108 


27 


11 


4 








NIAS 






















69 


Total 




28 


26 


11 


140 


59 


30 


21 


6 


9 


69 



WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated with brown, B = Hanwoo cattle with a 
cuticolor nose and pure brown coat, B (a to e): B (a to e): a-e represent different degree of nose pigmentation with "a" being the lightest and "e" the 
darkest, Hoi = Holstein animals utilized as dairy cattle in Korea, NIAS = National Institute of Animal Science in Korea. 



subdivided into five categories (a to e) based on the degree 
of nose pigmentation. A black spot on the coat was 
excluded as a distinct physical trait since no cattle with a 
black spot were observed. Cattle with one or more of the 
following traits were excluded from the experiment: a black 
nose, white hair, and a black or white spot. Holstein cattle 
were first introduced into Korea in the 1960s and until now 
have been used as a dairy breed. Holstein cattle were used 
as a separate reference group for a comparative analysis 
because the coat or nose color observed in our study could 
have possibility arisen from crossbreeding between 
Hanwoo and Holstein. The numbers of animals from each 
region included in our survey are shown in Table 1 . 

Experimental analysis 

DNA was extracted using the method described by 
Boom et al. (1990). Primers specific for 22 selected 
microsatellite markers (BM1818, BM1824, BM2113, 
CSSM66, ETH3, £77/10, £7/7152, ETH225, HELl, HEL5, 
HEL9, ILSTQ05, ILST006, INRAQ05, INRA023, INRAQ32, 
INRA035, SPS115, TGLA57, TGLA122, TGLA126 and 
TGLA221) that were recommended by the International 
Society of Animal Genetics were used for PCR analysis. 
Multiplex PCR was carried out for nine sets of three 
markers. PCR fragment size was analyzed by least square 
for ternary simple regression according to the color of the 
fluorescence -dyed microsatellite and allele size distribution 
using a 3130XL genetic analyzer (Applied Biosystems). 
Allele size for the microsatellite loci was determined with 
GeneMapper (version 3.7) software (Applied Biosystems). 

Statistical analyses 

The genes detected at each locus were directly counted. 



The average number of alleles for the groups and allelic 
frequencies were compared and expressed as percentages. 
The observed heterozygosity (H 0 ), allelic frequency (Weir, 
1996), and expected heterozygosity (H E ; Nei, 1987) in 
Hardy-Weinberg (H-W) equilibrium determined the genetic 
diversity within a group. All allelic frequencies for each 
group along with locus heterozygosity were analyzed using 
Excel Microsatellite toolkit version 3.1 (Park, 2001). 

To overcome the difficulty in comparing the numbers of 
alleles between groups since these numbers increase in 
proportion to the number of individuals in the groups, 
allelic richness (El Mousadik and Petit, 1996) was 
evaluated. An estimated number of alleles contained in 2n 
genes extracted again from 2N genes was compared (N>n) 
for each marker (R s ) and group (R,). F-statistics (Weir and 
Cockerham, 1984) also reduced error as the sample size 
increase by setting a weight-to-allele frequency according 
to sample size. F-statistics were analyzed for each locus and 
pair-wise tests were carried out for each group as previously 
described (Cockerham and Weir, 1993). Allelic richness as 
well as F-statistics analyses and tests for each group and 
locus were performed using the FSTAT program, version 
2.9.3 (Goudet, 2001). 

Genetic distance was calculated using allele frequencies 
to determine the genetic relationships among populations 
and breeds. For this, D A genetic distance (Nei, 1983), an 
accurate analysis of phylogenetic trees regardless of the 
presence of a bottleneck effect, was used in the present 
study. A distance matrix was calculated for each population 
and individual animal with the DISPAN (Ota, 1993) and 
MICROS AT programs (Minch, 1998), respectively. 

Phylogenetic trees were generated using genetic 
distances that are suitable for numeric data. For this, the 
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neighbor-joining (NJ) method was used because it has been 
reported that this technique does not apply the rate of 
evolution equally (Saitou and Nei, 1987). In addition, it has 
a relatively high bootstrap value and is recommended for 
generating phylogenetic trees. The DISPAN program (Ota, 
1993) and the NEIGHBOR package (Felsenstein, 2007) 
from PHYLIP software (version 3.67) were used. 
Resampling through bootstrapping was repeated 1,000 
times to test the reproducibility of the phylogenetic tree 
structure. Correlations among breeds according to allelic 
frequencies in each population were analyzed with the 
XLSTAT program (www.xlstat.com). In addition, the 
principal components were analyzed based on the allele 
frequencies. 

RESULTS AND DISCUSSION 

Analysis of genetic diversity in each group 

Heterozygosity and the number of alleles of the Hanwoo 
groups were formed by the classification based on different 
hair color and black nose (Table 2). The expected 
heterozygosity for the different groups range from 0.689+ 
0.023 (Hoi) to 0.743+0.021 (Bd) while the average 
expected heterozygosity for all groups was 0.716+0.025. 
The Korean Holstein group was found to have a lower 
heterozygosity than Hanwoo, and almost all of the cattle in 
the Hanwoo group showed a similar level of heterozygosity. 
However, the black nose stage 2 group (Bb) and normal 
appearance group (B) had a relatively lower degree of 
heterozygosity, indicating that variation in these groups was 
slightly different from that of other groups. Other studies 
examining Korean Holstein cattle have reported similar 
levels of heterozygosity such as 0.714 (Kim et al., 2001), 
0.668 (Yoon, 2002), and 0.682 (Yoon et al., 2005). 

In addition, expected heterozygosities of the Hanwoo 
group evaluated in this study were greater than those of 



most other breeds, including Swiss (0.60 to 0.69; Schmid et 
al., 1999), Czech (0.415 to 0.506; Cftek et al., 2006), 
Spanish (0.41 to 0.69; Martin-Burriel et al., 2007), Indian 
Tharparkar (0.67), Hariana (0.53), Deoni (0.59; Sodhi et al., 
2006), and Indian water buffalo (0.63 to 0.70; Vijh et al., 
2008), the Central West African Bos indicus and Bos taurus 
breeds (0.512 to 0.656; Ibeagha-Awemu et al., 2004) and 
0.683, 0.753 and 0.629 for Northeast China, Middle China, 
Southern China, respectively, among 27 Chinese cow 
breeds (Zhang et al., 2007). Genetic diversity may reflect 
variation of physical characteristics including hair color, the 
presence of a white spot, and dark nose pigmentation. For 
this reason, greater effort should be dedicated to unifying 
breed characteristics. 

The average number of alleles identified in each group 
was 6.12. The lowest number (4.23) was obtained in the 
black nose stage 4 (Bd) group while the highest value for 
the normal appearance group was 8.64. However, the 
number of alleles (Rt) corrected by sample size was about 
2.68 in which almost no difference. The number of alleles 
in the Holstein group was 2.57, which was smaller than that 
of the other groups. Nevertheless, among Holstein cattle the 
number of alleles for the white spot (WS) and black nose 
stage 4 (Bd) groups were 2.75 and 2.74, respectively, which 
were greater than the numbers identified in the 
corresponding groups of other breeds. For stock 
improvement and selection process, breeds are allocated 
into several different lineages. However, if the selection of a 
certain breeding cow or specific lineage is made during the 
process of stock improvement, the kinship degree increases 
while heterozygosity decreases (Mateus et al., 2000). In 
addition, this phenomenon increases the heterogamy loss 
rate (F is ) of the group. It is thought that Hanwoo cattle have 
been managed competently in terms of lineage control for 
improving the breed in smaller areas compared to other 
breeds. Moreover, polymorphic information for Hanwoo 



Table 2. Expected and observed heterozygosities and mean number of alleles for 22 microsatellite loci in each group by physical 



characteristics 


Population 1 


Sample size 


H E ±SD 


H 0 ±SD 


Mean no. of alleles 


R, 


WT 


28 


0.717±0.024 


0.711±0.020 


6.14 


2.69 


BL 


26 


0.707±0.026 


0.698±0.021 


6.45 


2.67 


WS 


11 


0.736±0.024 


0.715±0.030 


5.18 


2.75 


B 


140 


0.710±0.026 


0.670±0.009 


8.64 


2.68 


Ba 


59 


0.712±0.025 


0.700+0.013 


7.36 


2.68 


Bb 


30 


0.710±0.024 


0.720±0.018 


6.27 


2.66 


Be 


21 


0.717±0.023 


0.708±0.022 


6.14 


2.69 


Bd 


6 


0.743±0.021 


0.718±0.040 


4.23 


2.74 


Be 


9 


0.715±0.032 


0.666±0.035 


4.73 


2.69 


Hoi 


69 


0.689±0.023 


0.683±0.012 


6.14 


2.57 


Total 


399 


0.716±0.025 


0.699±0.022 


6.12 


2.68 



WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated with brown, B = Hanwoo cattle with a 
cuticolor nose and pure brown coat, B (a to e): B (a to e): a-e represent different degree of nose pigmentation with "a" being the lightest and "e" the 
darkest, Hoi = Holstein animals utilized as dairy cattle in Korea. 
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groups was compared to the allele detected to examine 
differences between the groups; we found that the use of 
more group-specific markers appeared to be necessary. 

To examine the distribution of the 22 microsatellite loci 
among individual animals within a group, the correlation 
degree (F is ) between individuals in a group was analyzed 
(Table 3). The overall estimated F is ranged from -0.02 (Bb) 
to 0.08 (Be), and -0.67 (Bd) to 1.00 (WS), showing 
considerable differences for each locus in the groups. In 
particular, there were increased and decreased heterogamy 
loss ratios in the groups at a certain locus. In INRA035 and 
TGLA227, it was confirmed that homozygosis increased 
according to nose pigmentation, and the correlation degree 
(F is ) was very high in the Hanwoo groups. Thus, this locus 
was found to be inappropriate for genetic analysis between 
Hanwoo groups. However, the INRA035 locus showed a 
high similarity of 0.53 (WT) to 1.00 (WS) between 
individuals in Hanwoo groups (Table 2). This means that 
the INRA035 locus appeared to be considerably fixed in 
Hanwoo cattle. 

In contrast, the £77/3, ETH152, INRA032, ILST005 and 
ILST006 loci showed negative correlations between 
individuals in groups. This finding indicates that as nose 
pigmentation increases, genetic differences between 



individuals increased. However, either significant 
increasing or decreasing between each nose pigmentation 
grade and groups with different hair color were not 
confirmed (p<0.05). It was therefore confirmed that there 
was uncertainty in group classification according to 
physical characteristics. The finding that F is values of the 
INRA035 locus appear to be greater than those of other loci 
was previously reported (Jordana et al., 2003). The F is 
values for 12 out of 18 European cattle breeds were found 
to be 13.7% (Alentejana) to 69.7% (Tudanca). Additionally, 
the F is value for 27 Chinese breeds reported by Zhang et al., 
(2007) was 0.238. This was lower than those for Indian 
Sahiwal (0.121), Hariana (0.028), Deoni (0.006), 
Tharparkar (0.093), and Kherigarh (0.064) breeds as 
reported by Mukesh et al. (2004), Sodhi et al. (2006) and 
Pandey et al. (2006). In addition, various breeds of Chinese 
yellow cows were reported to have F is values for ILST005 
and INRA035 similar to those of Hanwoo cattle, but higher 
for HEL5 and ETH3 loci (Zhang et al., 2007). These results 
mainly indicated that Chinese cattle breeds have been 
affected simultaneously by European and Indian regions. 
Similarly, the INRA035 locus could be very useful for 
analyzing the genetic relationship of other breeds derived 
Indian or African breeds although this locus is assumed to 



Table 3. Inbreeding estimates (F is ) within Hanwoo and Holstein populations based on 22 microsatellite loci 



Locus 


WT 


BL 


WS 


B 


Ba 


Bb 


Be 


Bd 


Be 


Hoi 


BM1818 


0.00 


0.01 


-0.18 


-0.01 


0.08 


-0.15 


0.30 


-0.09 


-0.09 


0.11 


SMI 824 


-0.11 


-0.09 


0.29 


0.03 


-0.20 


0.04 


0.17 


-0.33 


0.18 


-0.01 


BM2113 


0.06 


0.15 


0.11 


0.10* 


0.09 


0.05 


-0.08 


0.23 


0.00 


0.09 


CSSM66 


0.02 


-0.20 


-0.12 


-0.01 


0.02 


-0.13 


-0.03 


0.18 


0.01 


0.12* 


ETH3 


-0.06 


-0.04 


-0.03 


-0.07 


-0.09 


0.03 


-0.21 


-0.28 


-0.08 


-0.07 


£77/10 


-0.05 


0.00 


-0.18 


-0.02 


-0.03 


-0.20 


0.03 


0.38 


-0.14 


-0.11 


£77/152 


0.19 


-0.15 


-0.02 


0.05 


-0.01 


-0.04 


-0.25 


-0.40 


-0.05 


-0.02 


£77/225 


0.00 


-0.27 


0.17 


0.04 


-0.08 


-0.05 


-0.11 


0.11 


0.63 


-0.06 


HEL\ 


0.00 


-0.01 


-0.15 


0.09 


0.11 


-0.06 


0.03 


0.07 


0.32 


0.08 


HEL5 


0.02 


-0.07 


-0.15 


0.05 


-0.03 


0.06 


0.15 


0.11 


0.00 


-0.01 


HEL9 


0.03 


-0.05 


0.04 


0.02 


0.06 


-0.09 


-0.05 


0.20 


-0.05 


0.03 


ILST005 


-0.09 


-0.29 


0.22 


0.10 


-0.05 


-0.15 


-0.17 


0.27 


-0.08 


0.22 


ILST006 


-0.14 


0.13 


0.08 


0.02 


0.11 


-0.04 


-0.13 


-0.21 


-0.40 


-0.01 


INRA005 


-0.24 


0.07 


-0.27 


0.10 


0.12 


0.11 


-0.17 


0.09 


-0.04 


0.01 


INRA023 


0.19 


0.08 


0.10 


0.02 


-0.06 


0.00 


0.01 


0.04 


-0.05 


0.02 


INRA032 


0.07 


0.07 


-0.08 


0.03 


-0.27 


-0.24 


-0.30 


-0.67 


-0.15 


0.04 


INRA035 


0.53*** 


0 7Q*** 


1.00*** 


0.60*** 


0.68*** 


0.76*** 


0.83*** 


0.75** 


0.82*** 


0.01 


SPSU5 


-0.13 


-0.03 


0.02 


0.02 


-0.03 


-0.13 


-0.01 


0.17 


-0.19 


-0.08 


TGLA51 


0.00 


-0.02 


0.46* 


0.08* 


0.09 


0.04 


0.11 


-0.03 


0.45*** 


0.07 


TGIAY22 


0.05 




-0.13 


0.05 


0.07 


-0.05 


-0.11 


0.02 


0.01 


-0.07 


TGLA126 


-0.15 


0.04 


-0.36 


0.04 


-0.07 


-0.09 


0.03 


-0.36 


0.02 


-0.11 


TGLA221 


0.16* 


0.01 


0.08 


0.13*** 


0.00 


0.12 


0.22* 


0.23 


0.26 


0.03 


All 


0.01 


0.01 


0.03 


0.06*** 


0.02 


-0.02 


0.01 


0.03 


0.08* 


0.01 



WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated with brown, B = Hanwoo cattle with a 
cuticolor nose and pure brown coat, B (a to e): B (a to e): a-e represent different degree of nose pigmentation with "a" being the lightest and "e" the 
darkest, Hoi = Holstein animals utilized as dairy cattle in Korea. 
* p<0.05, ** p<0.01 and *** p<0.001. 
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be less efficient as a marker for identifying individuals of 
the same breed. 

Analysis of genetic distance and group relationships 

The relationships between Hanwoo groups classified by 
different hair color and nose pigmentation as well as the 
genetic relationship with Holstein group were examined. 
Results of DISPAN analysis used to perform a D A genetic 
distance calculation as previously described (Nei et al., 
1983) are presented in Table 4. The genetic distance of the 
Holstein group was far from the D A values of all Hanwoo 
groups classified by appearance (0.2267 to 0.3009). 
Between the Hanwoo groups, the greatest distant from the 
normal appearance group among the black nose groups was 
obtained by black nose stage 4 group (Bd; 0.1091). Black 
nose stage 1 (Ba) was excluded with a D A of 0.0186. 
Examination of genetic relationships between groups using 
F st values produced the same findings as those obtained by 
D A genetic distance analysis. Results of a pair-wise test 
showed that there was no significant difference between 
Hanwoo groups that were classified by physical 
characteristics In addition, Moazami-Goudarzi et al. (1997) 
reported that F st values are effective for explaining about 
genetic relationship between the nearest group such as sex 
or lineages in the same population because it showed more 
sensitive differences in the same group. However, the 
absence of significant differences in F st supports the 
conclusion that variation in the groups of Hanwoo cattle 
classified by physical characteristics was remarkably 
different. In addition, as it was confirmed that there were 
significant differences (p<0.01) among the groups except 
for black nose stage 5 (Be), significant difference in the 
relationship between Holstein and Hanwoo was also 
recognized. This finding mirrored a similar tendency in 
genetic distances between cow breeds within a country as 
reported in Portuguese (D A 0.0326 to 0.1898; Mateus et al., 



2000) and Czech (D A 0.0172 to 0.0837; Cftek et al., 2006) 
breeds. 

In particular, animals with white hair and a white spot 
were distinct from cattle in the white hair group as well as 
the Hanwoo group in the genetic distance analysis. White 
hairs appear in cows to various degrees. These include roan 
coat coloring (Seitz et al., 1999; Aasland et al., 2000) 
characterized by a mix of white or black hair similar to the 
white or black hair of Hanwoo, white spotting with spots 
shaped like the white spot in Hanwoo (Olsen, 1981, 1999; 
Reinsch et al., 1999), the color-sided type (Olson, 1999) in 
which a side of the body is covered with large spot, the 
belted type (Rao et al., 2003) featureing a belted waist, and 
an albino type in which the entire body is covered with 
white hair (Leipold et al., 1968; Schmutz et al., 2004; Seo et 
al., 2007). In particular, appearance of the roan coat 
coloring, which is similar to white hair of Hanwoo, is 
determined by expression of the Mast Cell Growth Factor 
(MGF) gene (also called KIT ligand) located in 
chromosome number 5 and arises from a single base pair 
mutation (Seitz et al., 1999; Aasland et al., 2000). Since 
MGF plays an important role in the growth and 
differentiation of melanocytes, hematopoietic cells, and 
gametes was found to be related to pigment formation 
disorders, anemia, and sterility, or are recessive lethal 
(Pawson and Bernstein, 1990). White coat is one of the hair 
color characteristics mainly found in Hereford, Shorthorn, 
Belgian Blue, and Texas Longhorn breeds, and is expressed 
as the Rlr+ type heterogamy allele (Seo et al., 2007). 

The coats of Holstein, Guernsey, African Sanga, Zebu, 
and Simmental cattle can have white spots that randomly 
vary in size, shape, and number. Expression of white spots 
is determined by synteny of KIT in the sixth chromosome 
of Holstein and Hereford cattle (Reinsch et al., 1999), and 
appearance of the four distinct spot shapes depend upon 
alleles in S and W locus (5 + , S H , S p , and s). The s allele was 



Table 4. D A genetic distances (lower) and population differences (F s , 
characteristics 



upper) among Hanwoo cattle grouped according to phenotypic 





WT 


BL 


WS 


B 


Ba 


Bb 


Be 


Bd 


Be 


Hoi 


WT 




0.0037 NS 


0.0093 NS 


-0.0073 NS 


-0.0066 NS 


-0.0032 NS 


0.0124 NS 


-0.0016 NS 


0.0067 NS 


0.1157** 


BL 


0.0491 




0.0173 NS 


-0.0011 NS 


0.0006 NS 


0.0033 NS 


0.0084 NS 


0.0045 NS 


-0.0019 NS 


0.1210** 


WS 


0.0845 


0.1033 




0.0256 NS 


0.0217 NS 


0.0138 NS 


0.0137 NS 


-0.02 14 NS 


-0.0041 NS 


0.0918** 


B 


0.0319 


0.0368 


0.0930 




-0.00 14 NS 


0.0012 NS 


0.0162 NS 


0.0045 NS 


0.0115 NS 


0.1244** 


Ba 


0.0350 


0.0406 


0.0971 


0.0186 




0.0030 NS 


0.0148 NS 


0.0073 NS 


0.0140 NS 


0.1180** 


Bb 


0.0519 


0.0544 


0.0882 


0.0355 


0.0440 




0.0101 NS 


-0.0063 NS 


0.0037 NS 


0.1115** 


Be 


0.0841 


0.0692 


0.1083 


0.0647 


0.0656 


0.0660 




-0.01 10 NS 


0.0240 NS 


0.1130** 


Bd 


0.1180 


0.1232 


0.1388 


0.1091 


0.1140 


0.1057 


0.1052 




-0.0142 NS 


0.0983* 


Be 


0.0920 


0.0823 


0.1270 


0.0883 


0.0916 


0.0880 


0.1263 


0.1387 




0.1192 NS 


Hoi 


0.2416 


0.2309 


0.2305 


0.2294 


0.2301 


0.2267 


0.2365 


0.3009 


0.2860 





p-values were obtained after 4,500 permutations; NS = Not significant, * p<0.05, ** p<0.01. 
Indicative adjusted nominal level (5%) for multiple comparisons is 0.0011. 

WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated with brown, B = Hanwoo cattle with a 
cuticolor nose and pure brown coat, B (a to e): B (a to e): a-e represent different degree of nose pigmentation with "a" being the lightest and "e" the 
darkest, Hoi = Holstein animals utilized as dairy cattle in Korea. 
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responsible for irregular spot shapes such as those seen in 
Holstein or Guernsey cattle while the S H allele was 
expressed in breeds such as Hereford with white spots on 
the head. Research on the polymorphic characteristics of the 
sixth intron in c-KIT receptor gene (Jang et al., 2002) 
revealed four bases substitutions in animals of several 
different breeds, including Hanwoo, with white spots. These 
had different frequencies according to breed. It was 
reported that there is no indication of relationship between 
breeds. In other words, physical Hanwoo characteristics 
such as white hair, black hair, and white spots could be 
determined by alleles at a certain locus in different 
chromosomes, and even the same hair could differ in shade 
between groups of cattle. 

Results of the NJ tree by D A genetic distance showed 
the bootstrap values of each cluster (Figure 2). It was 
confirmed that both black nose pigmentation and different 
hair color characteristics of Hanwoo cattle formed a single 
small group with a normal group, which was not similar to 
other groups with different hair colors. The white spot 
group formed a group in a somewhat distant area, and the 
Holstein breed was confirmed to exist as an outside group 
comparatively distant from the Hanwoo group. An analysis 
using 17 microsatellites to make comparison between 
breeds confirmed that a group with a 74% bootstrap value 
was formed (Moazami-Goudarzi et al., 1997). However, 
construction of a flexibility dendrogram between breeds by 
randomly reselecting five out of 17 microsatellite markers 
confirmed that, a crowd with a fairly high 72% bootstrap 
value was formed between completely different groups 
even if the effect of the locus or reliability of the locus 
combination were very small (Moazami-Goudarzi et al., 
1997). Moreover Moazami-Goudarzi et al. (1997) reported 
that polymorphic marker selection in or between groups is 
very important for selecting the appropriate number of 
microsatellite markers, getting the result accurately with 
sufficient reliability and repetitiveness. Gradually 
increasing the number of markers could increase the 
accuracy of this type of analysis. Although it is expected 
that this would lead to biased results if the locus was fixed 



in a certain group (Hanwoo), the Hanwoo INRA035 locus 
was included in our analysis of genetic distance. Thus, 
using information from the analysis of the 22 microsatellite 
loci rather than a bootstrap value increased dendrogram 
reproducibility. Results of this study showed that there was 
no difference in genetic distance or F-statistics. In our study, 
results of NJ tree analysis based on D A genetic distance 
revealed that there was a group in which significant 
difference is not recognized despite the high bootstrap value 
in the F s , analysis and in the dendrogram that used the 
genetic distance of each individual animal. Thus, as the 
result of accurate analysis through the selection of markers 
by expected heterozygosity, F sl and random markers 
reported by Rosenberg et al. (2001), accurate analysis of the 
dendrogram is determined by using the marker with high 
polymorphism or F-statistics than using the number of 
markers. 

Analysis of the Hanwoo group with black nose stages 3 
to 5 showed that stage 5 (Be) animals had a closer genetic 
distance with the normal appearance group (B) than the 
stage 4 (Bd). In the appearance test on black nose, eye 
measurement was big error factor. The utmost reason of the 
low bootstrap value in dendrogram can be explain with the 
admixture between two groups (Felsenstein, 1982), and also 
caused by analysis of locus showing particularity for a 
certain group only (Moazami-Goudarzi et al., 1997; Martfn- 
Burriel et al., 1999; Canon et al., 2001). However, 
considering that our study involved the classification of a 
group of Hanwoo according to physical characteristics and 
PIC value where each locus had an average of 0.648, this 
resulted from a random drift between genetically closed 
groups and not by the number of markers or marker type 
(Liron et al., 2006), or error arising the physical 
classification process. 

To examine the degree of crowding and variance of 
actual individuals rather than between groups, a 
dendrogram was created by calculating all D A genetic 
distance matrices of 399 animals used for our analysis. 
Similar to the results of the genetic distance matrix, the F st 
test, and crowding analysis, the distribution was scattered in 
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Figure 2. Neighbor-joining (NJ) tree showing the genetic relationships among the Hanwoo cattle using D A genetic distances based on 22 
microsatellite loci. The numbers on the nodes are percentage bootstrap values for 1,000 replications. 
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Figure 3. Neighbor-joining (NJ) dendrogram using D A genetic distance within the individuals of 10 populations grouped according to 
phenotypic characteristics. WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated 
with brown, B = Han woo cattle with a cuticolor nose and pure brown coat, B (a to e): a-e represent different degree of nose pigmentation 
with "a" being the lightest and "e" the darkest, Hoi = Holstein animals utilized as dairy cattle in Korea. 



normal cattle group and a certain crowd of Holstein alone 
was formed before creating a separate group based on 
different hair color or black nose pigmentation in Hanwoo 
(Figure 3). Thus, different hair color and black noses were a 
part of the general physical diversity among Hanwoo cattle. 

In addition, 10 principal components were searched 
based on the results of a principal component analysis using 
allele frequencies obtained by analyzing the 22 
microsatellites. Viscosity of the principal components 
including the second principal component is presented in 
Figure 4. Contribution to the variance of the principal 
components was over 90% including the fifth ingredient, 
and there was marked difference in the inherent value of the 
first and second principal components. However, a 
relatively high explanatory variance of 79.28% was 
observed, implicating the second principal component. 



However, the results of principal component analysis, both 
the Hanwoo and Holstein groups existed in a positive 
direction of first ingredient, and the genetic difference 
between Holstein group and Hanwoo group was recognized. 
Moreover, it was confirmed that the Hanwoo group exists 
mostly on a similar x-axis. 

For the second ingredient, each group contribution to 
the principal component was appeared in a normal 
appearance group, black nose stages 1 to 2, white hair and 
black hair group to the negative direction, and black nose 
stages 3 to 5 and white spot group appeared to the positive 
direction with Holstein breed. However, comparative 
variance of the second ingredient was much smaller than 
that of the first ingredient; it was found that variance did not 
exceed the inherent value 1, which was in contrast to 
variance of inherent value for the second ingredient. In the 
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Figure 4. Principal component coordinates plot of each group based on correlations of allele frequencies for 22 microsatellite markers. 
WT = White coat mixed with brown, BL = Black coat mixed with brown, WS = White spotted coat separated with brown, B = Hanwoo 
cattle with a cuticolor nose and pure brown coat, B (a to e): a-e represent different degree of nose pigmentation with "a" being the 
lightest and "e" the darkest, Hoi: = Holstein animals utilized as dairy cattle in Korea. 



group with a very close relationship, differences were not 
explained by mutation but by genetic drift. This was in 
contrast to a certain direction in changes of genetic 
frequency by specific selection or mutation migration ratio. 
Since genetic drift was made by chance extraction of a 
gamete, changes in genetic frequency did not have a certain 
direction. This was likely to increase as the size of group 
decreases because it was in inverse proportion to the size of 
group (Takezaki and Nei, 1996; MacHugh et al., 1998; 
Laval et al., 2002). Additionally, evolution and origin of the 
breeds showed variations in the differentiation process. 
Evolution after isolation, selection, mutation, and migration 
results in differentiation, and then breeds can be formed by 
crossing. Thus, crowd formation and potential difference 
can be evaluated by studying the development of breeds in 
different environments (Cftek et al., 2006). Consequently, 
we identified genetic frequency changes associated with 
each black nose stage, consistent with previous 
observations (Lee et al., 2002). Our findings may be a result 
of genetic drift in Hanwoo cattle considering the differences 
in the numbers of individuals included in each black nose 
group. 

CONCLUSION 

This study showed that there was no significant 
difference for black nose stages 3 to 5. Results of the NJ 
tree analysis using genetic distance between individuals 
demonstrated that in different hair color-related group 



except white spot or black nose group, spots were spread in 
normal appearance group. As a result of F st analysis 
between groups, any significant differences between 
Hanwoo groups were recognized and there was other 
separate group formation for incoming or crossbreeding of 
introduced breeds. Moreover, white hair, black hair, and 
black noses in Hanwoo cattle are not phenotypical 
characteristics produced by crossbreeding with Holstein but 
rather actual Hanwoo characteristics that have been 
developed over a long period of time. The results of this 
study could be used for establishing criteria for Hanwoo 
physical traits. Applying strict standards for physical 
appearance to national bull selection is desirable for 
maintaining desirable physical characteristics. There is also 
a perception that moderate implementation of these criteria 
in farms could help reduce the economic losses of the 
Hanwoo cattle industry. Thus, further research should be 
conducted to analyze the genes associated with black nose 
pigmentation or different coat colors. 
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